In 2006, China fully opened up its financial markets. This means that the banking industry is facing a more severe competitive environment, which requires not only the operational efficiency of the bank but also customer satisfaction for the quality of service. As the reform and opening up policy started from the eastern costal areas in China, there are differences in economic development levels by the region, and so are the levels of financial development. Therefore, it is necessary to study the effect of regional differences on bank efficiency. Prior studies also showed a lot of limitations about using data envelopment analysis, in that the efficiencies of the bank are only measured without consideration of other managerial aspects of the service and customer satisfaction. Thus, this study aims to analyze the efficiencies of twenty state-owned commercial banks in five provinces of China. The relationships between bank efficiency, service quality, and customer satisfaction are analyzed. The data used for the analysis was obtained from the 2015 Chinese Banking Statistics. As a result, the average technical efficiency of twenty state-owned banks is as high as 81.9%. It is also found that the bank's service quality has a positive impact on efficiency and customer satisfaction. In the case of banks that are located in areas with high economic levels, customer satisfaction is lower than that of banks in lower regions. This is because customers in high economic level regions have higher expectations for service quality and it leads to lower customer satisfaction.
Introduction
Opening up China's financial market was fully done in 2006. The decision to open up the financial market was affected by its joining the WTO (World Trade Organization) in 2001. As a result, domestic banks are fiercely competing with more advanced foreign banks for the Chinese financial market. Therefore, it is becoming more important to enhance competitiveness of Chinese banks. In particular, securing the competitiveness of state-owned commercial banks is a prerequisite for the successful reform of the Chinese banking system since they are the most important players in terms of asset size and credit share in the Chinese financial industry. The state-owned commercial banks account for 54% of the total assets of the financial institutions in China, and thus they occupy an exclusive position in the financial industry [1] [2] [3] . Therefore, the government is mainly engaged in state-owned commercial banks to intervene and reform the banking system [4] .
In addition, in this competitive environment, the profitability of most banks is reduced, so cost reduction through efficiency improvement is a critical task. In order to improve efficiency, the efficiency of each bank should be measured. It is then necessary to identify the ineffective banks and figure out how much improvement is needed in what areas. It is also necessary to identify the factors that influence the efficiency gap between banks. China has a regional disparity in economic development [5] . Therefore, the difference in economic development between these regions may have affected the development of the financial industry [6, 7] . Based on these facts, the efficiency of banks is expected to vary depending on regional economic differences. If the economic level of the region affects the efficiency, it means that the policy for efficiency improvement should be applied differently by region.
Duncan and Elliot [8] emphasized that the service quality of bank has a significant impact on the bank's short-term profitability and ultimately on its financial performance. In addition, they argued that service quality has a great influence on customer satisfaction and customer loyalty, and that this effect becomes even bigger as competition intensifies. Based on this argument, it can be seen that Chinese commercial banks have to make great efforts to improve service quality [9] .
However, the problem with state-owned Chinese commercial banks at this point is that their operational efficiency is low and the service system is not well established [10] . Rust et al. [11] addressed that efficiency and quality are closely related. That is, improving quality increases efficiency, because it reduces costs and time for rework, testing, and service failures, which in turn increases sales and market share [12] [13] [14] . Therefore, it is necessary to study the efficiency, service quality, and customer satisfaction in order for the state-owned Chinese commercial banks to take a competitive advantage in an environment of intensifying competition. However, there are few studies suggesting a comprehensive approach to improving bank efficiency and service quality. Therefore, in this study, we will examine the relative efficiency of the 20 state-owned commercial banks in China by using the DEA-SBM (Slacks-based measure) methodology and propose suggestions for efficiency improvement of each bank. In addition, we measure the service quality of banks and customer satisfaction, and analyze the relationships between efficiency, service quality, and customer satisfaction.
Theoretical Background

Concept of DEA
As a nonparametric technique, DEA (Data Envelopment Analysis) was developed for the relative efficiency evaluation of decision making units (DMUs) with multiple inputs and outputs [15] . This approach uses linear programming to determine an "efficient frontier" composed of a collection of DMUs that show the best performance in terms of efficiency. Then, the efficiency scores of the other non-frontier DMUs are determined by the distance to the DMUs on the frontier.
There are various types of DEA models, but two models, including constant returns-to-scale (CRS) model and variable returns-to-scale (VRS) model, are among the most commonly used models. The CRS model is also called as CCR model after the name of three authors Charnes, Cooper, and Rhodes. [15] . In the CCR model, there is an assumption that the ratio of output to input is constant over any interval. The VRS model assumes that the ratios of output to input varies with size, and is also called as BCC after the first letters of three authors of Banker, Charnes, and Cooper [16] .
The following equation shows the output-oriented CCR model. Assuming that there are a total of J DMUs, m inputs x ij (i = 1, . . . , m), and n outputs y rj (r = 1, . . . , n),
Here, φ k (k = 1, . . . , J) is the efficiency value of the kth DMU k , and s − i and s + r represent input and output slack variables, respectively. The equation below shows the output-oriented BCC model. It has a constraint on the sum of λ in the CCR model of equation to have convexity constraints.
The efficiency of DEA is based on technical efficiency (TE). Technical efficiency can be obtained when a DMU produces at a technically efficient level of output. Technical efficiency is a multiple of Pure Technical Efficiency (PTE) and Scale Efficiency (SE), which are indicators for evaluating the ability to convert input into output in the production process.
The relationships between TE, PTE, and SE can be shown in Figure 1 . As in Figure 1 , given the five DMUs (a, b, c, d, and e), the area below oh represents the set of producibility under the assumption of constant returns to scale (CRS), and the area belowd ca represents the set of manufacturability under the assumption of variable returns to scale (VRS). The technical efficiency of DMU e can be evaluated as TE = fg/fe. Since fg is smaller than fe, the TE of DMU e becomes smaller than 1. Thus, DMU e is inefficient under the assumption of CRS. The PTE of DMU e can be measured as the ratio of fc to fe, where c is on the frontier under VRS. Thus, the scale efficiency, SE can be obtained as SE = TE/PTE = fg/fc. If SE is 1, DMU e can be evaluated as efficient in scale, whereas when it is smaller than 1, DMU e is uneconomical in scale. The CRS and VRS models that are mentioned above are one of the most basic and widely used models in DEA. These models are radial because they reduce the input or output at the same rate when searching for efficiency frontiers. However, this model does not include the slack in the efficiency calculation, thereby distorting the measured value. The DEA-SBM (Slacks-based measure) is the model to overcome this problem [17] . The DEA-SBM finds efficiency points that maximize the output, while reducing input from the DMU to be monitored and obtains efficiency as an improved rate that is relative to the original input or output. Therefore, there is a feature that does not have specific directionality, such as input or output orientation. Also, the DMU with an efficiency score of 1 in the SBM has 1 in the VRS model, but the inverse is not always established. In the VRS model, the efficiency score is 1, even for the weakly efficient DMU, but it appears to be inefficient in the SBM.
Assuming that there are J DMUs, M input resources, and N output variables, the formula of SBM model is as follows [18] . * = min 1 − 1 − The CRS and VRS models that are mentioned above are one of the most basic and widely used models in DEA. These models are radial because they reduce the input or output at the same rate when searching for efficiency frontiers. However, this model does not include the slack in the efficiency calculation, thereby distorting the measured value. The DEA-SBM (Slacks-based measure) is the model to overcome this problem [17] . The DEA-SBM finds efficiency points that maximize the output, while reducing input from the DMU to be monitored and obtains efficiency as an improved rate that is relative to the original input or output. Therefore, there is a feature that does not have specific directionality, such as input or output orientation. Also, the DMU with an efficiency score of 1 in the SBM has 1 in the VRS model, but the inverse is not always established. In the VRS model, the efficiency score is 1, even for the weakly efficient DMU, but it appears to be inefficient in the SBM.
Subject to
Assuming that there are J DMUs, M input resources, and N output variables, the formula of SBM model is as follows [18] .
Here, θ k * has a value between 0 and 1, and the closer to 1, the more efficient it can be.
Bank Efficiency Using DEA
Sherman and Gold [19] used the DEA model to evaluate the relative efficiency of banks. As a result of analyzing 14 branches of the United States (US) savings bank, it is found that the evaluation of bank efficiency by DEA method can provide more information than by the simple financial figures. Wei and Wang [20] studied the efficiency of banks in China. In their study, the TE, PTE, and SE of four state-owned commercial banks and eight private commercial banks of China using the statistical data of 1997 were measured. A comparison of the efficiency of state-owned commercial banks and commercial banks shows that the efficiency of private commercial banks is higher. Unlike Wei and Wang [20] , who analyzed the efficiency of Chinese commercial banks in 1997, Huang [21] analyzed the efficiency of 15 commercial banks in China, including 11 private commercial banks and four state-owned commercial banks for 11 years from 1990. As a result of the measure of efficiency, the efficiency of most state-owned commercial banks is usually distributed in the middle level, while the efficiency of private commercial banks is highly polarized. As a result, it is concluded that either the state-owned commercial banks or the private commercial banks are not absolutely superior in terms of efficiency. Li [22] evaluated the efficiency of the last four years from 2000 to 2003, with 14 commercial banks in China. The results show that the average efficiency of state-owned commercial banks is lower than that of private commercial banks, and that the main reason is the lack of operational capability.
Hwang [23] attempted to grasp the efficiency of four state-owned commercial banks and ten private commercial banks according to the periods from 2002 to 2006. As a result of DEA analysis, the efficiency of commercial banks was higher than that of state-owned commercial banks until 2003. After 2004, the efficiency of state-owned commercial banks exceeded the efficiency of private commercial banks. These results suggest that the restructuring of Chinese state-owned commercial banks has some positive effects on bank efficiency. Oh [24] evaluated the relative efficiency of the 14 commercial banks in China from 1998 to 2006. As a result of the evaluation, He found that profit efficiency is higher than growth efficiency, and that efficiency in creating interest income as compared to input cost between leading bank and rest of bank is not significantly different. Bao and Jiang [25] evaluated the relative efficiency of the year 2008 for 14 Chinese commercial banks. As a result of the analysis using DEA method, most of the branches of commercial banks have almost a similar degree of efficiency. The other prior research is summarized in Table 1 . 
Bank Service Quality and Customer Satisfaction
As the definition of service varies, the quality of service is also defined in various ways according to research perspectives. Gronroos [37] argued that service quality is a combination of outcome quality and process quality, and the process of evaluating service quality depends on how the services are delivered. In 1985, Parasuraman, Zeithaml and Berry (PZB) [38] proposed SERVQUAL model that defines service quality as the difference between expected and perceived performance. The SERVQUAL model assesses service quality as a difference between customer expectations and perceptions of 22 items in five dimensions including tangibility, reliability, responsiveness, certainty, and empathy, and is most widely used for measuring service quality in service industries, including banking. Cowling and Newman [39] found that the SERVQUAL model was the most reliable, responsive, and empathic in evaluating the service quality of banks. Wang et al. [40] studied the distinction between service quality and product quality in the Chinese banking context. They conducted a survey to analyze the five antecedents of service quality and product quality, as well as their different impacts on the establishment of a positive reputation of bank. As a result, they suggested that managers can benefit by acknowledging the distinction between services and products, as well as the different impacts on the establishment of bank reputation.
In addition, with the increasingly importance of service quality, the specific roles of service quality in customers' visiting and revisiting decisions should be investigated. Zhou [6] used the SERVQUAL model to examine the relationship between service quality and customer satisfaction in retail banking in China. As a result of the study, it is concluded that customer satisfaction is most influenced by reliability, tangibility, and empathy. In addition, he argued for the necessity of in-depth study on the service quality of the Chinese banking industry. Kim [41] used SERVQUAL model to evaluate the service quality of banks in Korea and China and compare the factors affecting customer satisfaction. As a result of the analysis, it is found that there are some differences in the factors of service quality that are affecting customer satisfaction. China has become more influential in customer satisfaction in the order of responsiveness, tangibility, reliability, and empathy, while Korea has been in the order of reliability, empathy, and assurance.
As we have seen in the preceding studies, the research on efficiency and service quality of commercial banks in China has been tried from various angles. However, there is little research on an integrated framework of the relationship between efficiency, service quality, and customer satisfaction. Therefore, it is of great significance to study the relationship between the efficiency and service quality of commercial banks in China.
Research Method
Input and Output Selection
The choice of input and output variables in the DEA study has a significant effect on the efficiency results [42] . Therefore, it is important to select the appropriate variables to better reflect the business purpose and banking system of Chinese commercial bank. In previous studies measuring bank efficiency, it is found that there is consensus on the use of variables, except for deposits [36, 43] . In other words, the number of employees and fixed assets are commonly used as input variables, and interest income and non-interest income are used as output variables. There is a debate in the literature about whether deposits should be used as input or as output variables of banking system [43] . In measuring the efficiency of a bank, deposits are considered as output when production efficiency is considered as a critical dimension of performance. That is to say, from this point of view, banks are seen as service producers using employees or other physical resources. If intermediation efficiency is considered, then the bank's lending ability is emphasized. In this case, deposits are considered as an input variable. That is, the bank's intermediation efficiency can be measured by how efficient the bank is in encouraging deposits and other forms of funds from customers, and then lending them in forms of loans and other assets. Since this study is intended to examine the bank's intermediary role, deposits are considered as an input variable. Therefore, in this study, three input variables and two output variables that are commonly used in previous studies measuring bank efficiency are finally selected as in Table 2 . The three input variables are the number of employees, fixed assets, and deposits. The two output variables are composed of interest income and non-interest income. The number of employees refers to employed full-time employees. Fixed asset represents the asset value of physical capital. On the other hand, as the output variable, interest income mainly refers to income from loans. Non-interest income refers to commissions, fees, investments or other business income. Table 2 . Input and output variables used.
Input Variables Output Variables
Number of employees Interest income
Fixed assets Deposits Non-interest income
Data Collection
The purpose of this study is to measure and analyze the efficiency of 20 state-owned commercial banks in China. We also examine the relationship between bank efficiency, service quality, and customer satisfaction. To this end, we used data of 12 state-owned commercial banks of five regions in China in 2015 Annual Report [44] . As shown in Table 3 , DMU1, DMU2, DMU3, and DMU4 are the state-owned commercial banks of Shanghai and four DMUs including DMU5, DMU6, DMU7, and DMU8 are from Hebei Province. DMU9, DMU10, DMU11, and DMU12 are located in Beijing City. DMU13 to DMU 16 belong to the Henan Province and DMU17 to DMU20 are located in Shandong Province. Among them, Shanghai and Shandong are in the eastern part, Hebei and Henan are in the central area, and Beijing is in the northern part of China. The service quality and customer satisfaction of the bank were surveyed. The service quality was measured by the SERVQUAL model with five dimensions, including tangibility, reliability, reactivity, certainty, and empathy. The survey was conducted from 1 April 2016 to 30 April 2016 for customers who have experienced the services of one of the 12 state-owned commercial banks, and a total of 300 respondents were answered. Of the collected responses, 286 were used for the final analysis, except for 32 responses, which were not responded in a satisfactory manner. The results of the survey are shown in Table 4 . 
Results
Relative Efficiencies of the Banks
The results of the analysis of the efficiency of 20 branches of state-owned commercial banks in China using the DEA-SBM are shown in Table 5 . CRS in the second column shows technical efficiency, VRS in the third column is pure technology efficiency, and SE in the fourth column represents scale efficiency. The fifth column shows the profitability of the scale. SBM CRS and SBM VRS in the sixth and seventh columns are obtained from DEA-SBM, respectively. The IRS stands for the increasing return to scale and the CRS in the fifth column means the constant return to scale. A DMU is considered to be in IRS if a greater proportionate increase in its outputs is generated than a proportionate increase in all of its inputs. Therefore, in the case of a DMU in IRS, it is better to increase the scale. CRS means that a proportionate increase in all of its inputs results in the same proportionate increase in its outputs. If a DMU is in CRS, no gain or loss is expected by increasing or decreasing the scale.
From the results of the DEA-SBM, it is known that efficient banks with 100% technical efficiency account for 30% of the 20 bank branches and the average efficiency score of 20 banks is 0.75. In the SBM VRS model, we can see that seven banks are efficient in terms of pure technical efficiency and account for 35% of the total 20 banks. The average efficiency score of the 20 banks is as high as 0.82. From these results, the scale efficiency can be obtained. That is, SE = CRS/VRS. Based on this relationship, it is possible to determine whether the ineffective cause of the decision unit is from the technical side or from the scale side, and can provide a direction for improving the efficiency.
From the results, it is known that six banks, including DMU1, DMU2, DMU9, DMU12, DMU18, and DMU20 are efficient from the technical and scale perspectives and are in SBM CRS. Among them, DMU1 and DMU2 belong to Shanghai. DMU9 and DMU12 are located in Beijing. DMU18 and DMU20 belong to Shandong. DMU7 in Hebei has 100% pure technical efficiency, but it is inefficient in terms of scale. The remaining banks are not efficient from the technical and scale perspectives, and therefore there is a need to improve the efficiency on both sides. 
Efficiency and Service Quality
This study aims to improve the competitiveness and maintain high profitability through the enhancement of bank efficiency. Thus, it is important to identify the factors affecting efficiency of DMUs. For this, regression analysis was conducted to analyze the cause of efficiency, measured by DEA. In this study, hypothesis H1 is established that the service quality of bank will affect the efficiency based on the prior research that efficiency can be improved through quality improvement [11] .
Hypothesis 1 (H1)
. The bank's service quality will have a positive (+) effect on efficiency.
Regression analysis was conducted to verify the hypothesis. The results of the analysis are shown in Table 6 . Hypothesis H1 that bank service quality has a positive effect on efficiency is statistically significant at the 6% significance level. As a result, hypothesis H1 is accepted. This means that the higher the service quality of the bank, the higher the efficiency. Note: p-value followed by is a significant level of 6%.
Customer Satisfaction Analysis
The financial industry recognizes the importance of the customer, sees the customer service as the core competence of the industry, and recognizes the customer satisfaction as the highest value of management [45, 46] . Parasuraman et al. [47] reported that the higher the perceived quality of service, the higher the customer satisfaction. Heskett et al. [48] also argued that high service quality affects customer value and customer satisfaction, and, moreover, customer satisfaction directly affects customer loyalty. Thus, based on these, the hypothesis H2 is established as follows.
Hypothesis 2 (H2)
. The bank's service quality will have a positive effect on customer satisfaction.
As a second variable, the technical efficiency measured by DEA can be considered. The higher the efficiency of the lending and depositing business, the lower the service processing time and costs, and the higher the satisfaction of the customer. Therefore, the hypothesis H3 is set as follows.
Hypothesis 3 (H3)
. Bank efficiency will have a positive effect on customer satisfaction.
Regression analysis is conducted to verify these hypotheses. As shown in Table 7 , service quality gives a statistically significant impact on customer satisfaction at the 1% significance level, and, therefore, hypothesis H2 is accepted. In addition, the efficiency of banks has a statistically significant effect on customer satisfaction at the significance level of 5%. Hypothesis H3 is also accepted. This implies that the higher the service quality and efficiency of the bank, the higher the customer's satisfaction with the bank [49] [50] [51] [52] . Note: p-value followed by * and ** are significant levels of 5% and 1%, respectively.
Relationship between Service Quality, Efficiency and Customer Satisfaction with Respect to Regional Economic Level
Based on previous study of Zhou [6] , that the local financial development is influenced by regional economic development level, we examine the relationship between service quality and efficiency and customer satisfaction according to the level of economic development in the region where banks are located. For the analysis, the economic level of the region was classified into two groups (H, L). The criterion that as used for classification is Gross Regional Domestic Product (GRDP) of five regions in 2015, as extracted from the National Bureau of Statistics of China, as shown in Table 8 . Based on this, two banks of DMU11 and DMU12 in Henan and Shandong belong to high economic development group (H), and the remaining ten banks in Shanghai, Hebei, and Beijing belong to low economic development group (L). The effects of service quality and efficiency according to economic development level of region on customer satisfaction are analyzed. The result of the analysis is shown in Figure 2 . Figure 2a shows the effect of the service quality on customer satisfaction according to the regional economy level. In Figure 2b , the effect of the efficiency on customer satisfaction according to the regional economic level. In the case of banks that are located in the areas of high economic levels, customer satisfaction is lower than that of banks in lower economic level regions. Customers in high economic level regions have higher expectations for service quality, leading to lower customer satisfaction. According to Anderson et al. [53] who studied customer characteristics on service satisfaction, high-income customers have high expectations for service quality because they value service quality very seriously. Therefore, they are not easily satisfied with the services.
In addition, from Figure 2a , it can be seen that the difference of customer satisfaction between bank with high service quality level and low bank is higher in regions with a high level of regional economic development. As in Figure 2a , Figure 2b also shows that the difference in customer satisfaction between banks with higher efficiency levels and those with lower efficiency are greater in regions with high levels of regional economic development. From these results, it can be seen that it is much more difficult to satisfy customers in high economic level regions than in lower level regions because the service expectation level of customers in high economic level regions is higher than that of low level regions. Especially, when the bank's service quality and efficiency are low, customer satisfaction is much lower in regions with high economic development level than in regions where regional economic development level is low.
As a result of analyzing customer satisfaction according to local economy level, it can be seen that customers of banks located in a region with higher economic development level are more sensitive to the level of service quality and efficiency than customers in a lower economic level region. In other words, banking customers in high-level regions are more likely and more careful to evaluate the service quality and efficiency of the bank than those in the low-end region. Therefore, if the local economy level is high, banks need to make much efforts to raise the level of service quality and efficiency for customer satisfaction.
Conclusions
In this study, we used the DEA-SBM to measure the relative efficiency of twenty state-owned commercial banks in five regions of China and analyzed the relationship between bank efficiency, service quality, and customer satisfaction. The summary and implications of the analysis are as follows.
First, the average technical efficiency of 20 state-owned commercial banks is 0.75. Six banks are efficient with TE = 1, and the rest of the banks are inefficient as the loan amount is insufficient when compared to the amount of deposit received. In addition, inefficiency was found due to an excessive number of employees. Therefore, inefficient banks can be improved by reducing the amount of input, such as excessive manpower. However, due to the nature of state-owned banks, it is difficult to In the case of banks that are located in the areas of high economic levels, customer satisfaction is lower than that of banks in lower economic level regions. Customers in high economic level regions have higher expectations for service quality, leading to lower customer satisfaction. According to Anderson et al. [53] who studied customer characteristics on service satisfaction, high-income customers have high expectations for service quality because they value service quality very seriously. Therefore, they are not easily satisfied with the services.
First, the average technical efficiency of 20 state-owned commercial banks is 0.75. Six banks are efficient with TE = 1, and the rest of the banks are inefficient as the loan amount is insufficient when compared to the amount of deposit received. In addition, inefficiency was found due to an excessive number of employees. Therefore, inefficient banks can be improved by reducing the amount of input, such as excessive manpower. However, due to the nature of state-owned banks, it is difficult to flexibly adjust the input factors, which may result in distorting the functions and roles of banks. Therefore, it is more desirable to seek ways to improve the output by increasing the loan size. The lending business is the most important means of generating bank profits. However, the lending business of state-owned commercial banks in China is limited to real estate loans. This deteriorates the quality of credit loans and increases risk, which can lead to an accumulation of bad debts by banks. Therefore, it is necessary to expand the scope of lending and loans to various areas, and introduce a risk management system. Second, as a result of analyzing the factors affecting efficiency, service quality has a statistically positive (+) effect on the efficiency at the 6% significance level, which means that the higher the service quality, the higher the efficiency. In addition, the results of customer satisfaction analysis showed that service quality had a positive effect on customer satisfaction at the 1% significance level and on efficiency at the 5% significance level. That is, the higher the service quality and the efficiency, the higher the customer satisfaction. In this context, in an environment where competition is highly intensifying, banks should improve service quality and efficiency in order to gain competitive advantage.
Third, we examined the effect of regional economic development on customer satisfaction. As a result, the satisfaction level of regions with high economic development level was lower than that of low level regions. Also, where the level of regional economic development is high, there is a big difference in customer satisfaction with between banks with low service quality and efficiency level and the banks with high service quality and efficiency. As a result, it can be seen that customers in regions with high economic level are more sensitive to the level of service quality and efficiency. Therefore, banks located in areas with high economic development level need to strive to raise the level of service quality and efficiency in order to satisfy customers.
The major contribution of this study is to examine the efficiency and service quality of state-owned commercial banks in five regions of China and to examine the factors that affect the efficiency and customer satisfaction through empirical analysis. This suggests a substantial implication for the importance of improving the efficiency and service quality of banks in China. However, since the data samples that were used for the analysis are small, there is a limitation in that they may not fully reflect the situation and the characteristics of banks in each region. Therefore, in the next study, it is desirable to obtain more comprehensive and generalized results based on sufficient data in each region. Another possible future contribution is the implementation of advanced methodologies of DEA to further develop this proposed area of research.
